ABSTRACT: Aggressive environments significantly influence the durability and 15 serviceability of hardened cement and concrete. This paper presents an evaluation of 16 the resistance of ground granulated blastfurnace slag (GGBS) activated with calcined 17 dolomite, as a novel alkali activator, to 5% sodium sulfate attack and 5% magnesium 18 sulfate attack. Two calcined dolomites, D800 and D1000, were prepared in the 19 laboratory at 800 °C and 1000 °C respectively. The results demonstrated the good 20 potential of using calcined dolomite activated slag in resisting sulfate attack. 21
Introduction

37
The resistance of cement-based materials to aggressive environments 38 significantly influences the durability and serviceability of hardened cement and 39
Figs.1 and Fig.2 give the XRD and TGA results of D800 and D1000, respectively. 153 Fig.1 indicates that D800 consisted of MgO, CaO, CaCO 3 and a small proportion of 154 undecomposed dolomite. The unknown fraction of undecomposed dolomite makes it 155 difficult to determine the specific proportion of each composition. On the other hand, 156 no dolomite was found in D1000 and hence it was estimated to consist of MgO, CaO 157 [Ca(OH) 2 was also converted into CaO] and CaCO 3 with their specific proportion 158 35.8%, 54.6% and 9.6%, respectively, according to the TG curve (Fig.2) . 159
Calcined dolomite activated slag paste 160
The hydration properties of calcined dolomite activated slag were investigated by 161 Gu et al. (2014) in a related paper. The results indicated that relatively higher 162 quantities of CaO and MgO in D1000 led to a higher hydration degree of slag with 163 higher contents of C-S-H and hydrotalcite-like phases than D800 did. The pore filling 164 effect of voluminous hydrotalcite-like phases resulted in a more compacted 165 microstructure of D1000S. In addition, CaO in D1000 caused the formation of 166 portlandite in D1000S while no portlandite was detected in D800S. 167
Development of compressive strength 168 Table 3 presents the compressive strength of the reference and the relative 169 strength of the immersed samples, which are expressed as percentages of thethe compressive strength of D800S and a decrease for D1000S, although there were 172 some fluctuations of the results. After 28 days of exposure, the strength of D800S wasenhanced strength after 28 days immersion, but less than D800S. Strength 177 enhancement of alkali-activated slag in Na 2 SO 4 (aq) was also reported by others 178 (Catinaud et al. 2000; Komljenovic et al. 2013) and was explained by the reduction in 179 the porosity of the pastes, caused by the reaction products between the sample and 180 sulfate solution (Komljenovic et al. 2013; Puertas et al. 2002) . Nevertheless, D800S 181 was more resistant to Na 2 SO 4 attack than PCS, the D1000S showed the lowest 182 resistance to Na 2 SO 4 attack. 183
Continuous strength decreases of all samples were observed when immersed in 184 MgSO 4 (aq). After 28 days of exposure, D800S lost ~7.7% of strength whilst D1000S 185 lost ~12.5%, and both of them exhibited better performance than PCS, which lost 186 ~16.5% of strength. The initial pH of Na 2 SO 4 (aq) and MgSO 4 (aq) was 6.4 and 5.7, respectively. After 202 immersion, the pH of solutions increased rapidly as a result of the release of OH -ions 203 from the samples. After 30 days, the pH of Na 2 SO 4 (aq) containing D800S was 204 maintained above 12.1 while that containing D1000S was above 12.6 (Fig.3) . As for 205 the MgSO 4 (aq), D800S induced pH values staying around 9.0 at each age; whilst 206 D1000S induced a decrease from 9.9 to 9.0 then was stable around 9.0 after 90 days. 207
It should be noted that, since the solutions were refreshed monthly, samples may 208 sometime experience lower pH environment than the result given in Fig.3 considering 209 the initial pH of solutions. As a result, the decomposition of portlandite, C-S-H and/or 210 ettringite should have occurred when the pH was below the lines marked in Fig.3 . 211
According to the results, D1000S induced higher pH in both two sulfate 212 solutions and this could be attributed to its higher content of portlandite, which is 213 easier to release OH -than C-S-H (Taylor and Gollop 1997). In addition, lower pH of
Weight changes 217
Changes of weight after exposure were used as an indicator for the resistance of 218 samples to sulfate attack in most relevant studies (Al-Amoudi 2002; Makhloufi et al. 219 2012) . Fig.4 summarizes the weight changes of the samples after different exposure 220 times and reveals that there were weight increases with time for all sample. In the 221 Na 2 SO 4 (aq), weight changes gradually increased with time and achieved an increase 222 of 0.22% for D800S and 0.66% for D1000S after 120 days of exposure. The relatively 223 larger weight increase of D1000S can be attributed to the higher content of portlandite 224 in D1000S, which led to the more intensive reaction between the sample and the 225 solution. Up to 28 days, PCS showed a larger weight increase than D800S while 226 slightly smaller than D1000S. 227
Notably higher weight increases of samples immersed in MgSO 4 (aq) were 228 observed. D800S showed +2.59% weight gain after 28 days and rapidly increased to 229 +10.68% after 120 days. By contrast, D1000S showed much smaller weight gain, i.e. 230 +0.95% after 28 days and +4.85% after 120 days. Regarding to PCS, it had a +2.26% 231 weight gain after 28 days exposure, slightly smaller than D800S. 232
As can be seen, D800S showed smaller weight changes than D1000S in 233 Na 2 SO 4 (aq) while larger in MgSO 4 (aq) (Fig.4) . The explanation should involve the 234 16 The microstructure appears to be looser than the fresh D800S paste, whose SEM 320 image is not shown here. The inconspicuously corroded surface was covered with 321 gypsum, with some large crystals and small cracks observed. 322 Fig.12 presented the degraded surfaces of the samples after exposed toobserved, leaving porous M-S-H. Gypsum crystals were found randomly distributed 326 on the surface while ettringite and thaumasite were difficult to identify. As for 327 D1000S ( Fig.12c and d) , the brucite layer was observed to have decomposed. The 328 gypsum layer, which was originally beneath the brucite layer (Santhanam et al. 2003) , 329 was found to cover the surface due to the large amount of available Ca 2+ released 330 from D1000S. Small quantity of ettringite was also found. In this case, decalcified 331 C-S-H cannot be observed in the images taken on the sample surface. 332 
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